Policy makers are often interested in how estimates of the value of an environmental asset may be disaggregated into component pieces. This is particularly the case when they are seeking to transfer benefit estimates made in one situation to related circumstances. This is the case for the environmental values of the Fitzroy River basin in Central Queensland. The basin comprises several smaller catchments that share similar development opportunities, environmental issues and water resource constraints. This paper describes an application of the choice modelling technique to estimate values for the basin as a whole and two of the smaller catchments to determine how values may be related. Comparisons are undertaken to assess the validity of the choice modelling approach to benefit transfer issues in environmental valuation studies.
Introduction
Within the framework of environmental valuation the need often arises to apply values estimated for an environmental good in one context to another similar context. This process is called benefit transfer (BT). Boyle and Bergstrom (1992:657) state that benefit transfer is 'the transfer of existing estimates of non-market values to a new study which is different from the study for which the values were originally estimated'. One of the major motives for partaking in a benefit transfer process is that value estimation exercises are often very expensive to perform. It can be potentially far cheaper to transfer values from previous studies or from other, similar sites than to repeat the estimation process each time a valuation is required. Interest by researchers and policy makers in the transfer of economic values for non-market resources has existed since the 1960's (Loomis 1992) . The development of nonmarket valuation databases such as ENVALUE are facilitating interest in benefit transfer applications (Morrison 2001) .
A number of techniques are available for estimating environmental values where the information is not directly available from market information. These include related market techniques, such as the travel cost and hedonic pricing methods, and stated preference techniques such as the contingent valuation method (CVM) and choice modelling (CM). Questions about benefit transfer relate particularly to the stated preference valuation techniques, where there are concerns that any inaccuracies or biases in the values may become exacerbated in the transfer process (Brookshire and Neil 1992) .
For BT to be accurate, the two main requirements are that the values estimated in the first study are free of major biases, and that the benefit transfer process does not generate substantially more. Much of the development work for techniques such as the CVM has concentrated on the first issue. The difficulty for the CVM is that because of its 'single shot' nature, it is difficult to identify how well values can be transferred to other locations where the circumstances may be slightly different. This can be illustrated by looking more closely at what is involved in a benefit transfer exercise.
There are three broad ways in which BT may be undertaken. The first is where values for an environmental good are transferred from one site to another that has similar bio-physical characteristics. The assumption that is made in the process is that the population will value the second site in the same way that they have valued the first. In circumstances where the sites vary according to certain bio-physical characteristics, the values for the sites might be expected to differ in proportion to the difference in characteristics. For example, if the area of two remnant vegetation sites varies, then this would be expected to impact on values. The use of the Choice Modelling (CM) technique has particular advantages here because it generates values according to underlying attributes. The results of the technique are thus particularly suitable to BT issues.
The second broad way in which BT might be undertaken is to infer that values held by a population for a particular issue might be transferred to a second population group. It may be possible that the values held by people are similar to the extent that the populations are similar. Capturing information about populations such as socioeconomic data, and relating that to the way that people make choices about environmental tradeoffs, may be an important way of allowing values to be transferred. Again, the CM technique has strengths in this area, as does the CVM.
The third broad way that values can be transferred relates to the scale of the asset in question. An example would be where values that are estimated for preserving environmental assets in a catchment need to be disaggregated down to a sub-catchment level. Alternatively, value estimates might need to be aggregated up. In practice, transfers from site A to site B will often involve a combination of these elements of site, population and scale differences. There is potential for the CM technique to be used for this purpose because of the descriptive models that are generated to describe choice behaviour. These can involve site bio-physical, sample socio-economic, and scale characteristics as determining variables of the value estimation.
These issues of benefit transfer are closely related to framing issues in valuation experiments. Framing effects occur when the respondent to a survey is sensitive to the context in which a particular tradeoff is offered, and are normal and commonplace in valuation experiments (Rolfe, Bennett and Louviere 2002) . Framing problems occur when values are unduly sensitive or insensitive to the context in which they are offered. One focus of benefit transfer exercises is to determine where framing differences occur between source and target sites, so that values might be adjusted for these variations. Another focus of benefit transfer exercises is to determine where framing problems occur, because these indicate where it may not be appropriate to perform the exercise.
In this paper, the potential for benefit transfer is explored in relation to water resources and irrigation development issues. A series of CM experiments relating to potential further development of water resources in the Fitzroy basin in Central Queensland have been performed. The experiments differ according to the description of the issue, the population groups that have been surveyed, and the scale of the problem. This allows the analyst to test whether a single experiment could have been performed, and then the results extrapolated to account for site, population or scale differences. This paper is structured as follows. In the following section, an overview of previous research relating to CM and benefit transfer is presented, together with discussion about the key issues to test. In section three, the case study is described with the key issues that frame the experiments of interest. In section four the experiments of interest are outlined, and the design and performance of the different CM surveys are described. Results and discussion are presented in section five, and conclusions drawn in section six.
Choice Modelling and Benefit Transfer Issues
CM is a stated preference technique that has been adapted from conjoint analysis roots to estimate both use and non-use values. There have been a number of applications to recreational, environmental and social issues in recent years (eg Adamowicz et al 1998 , Blamey et al 2000 , Rolfe, Bennett and Louviere 2000 , Bennett and Blamey 2001 .
CM involves asking respondents to a survey to make a series of choices about alternatives for environmental management. Each choice set involves a number of profiles describing the alternatives on offer. One of the profiles describes a current or future status quo option, and remains constant between the choice sets. The other profiles vary, so that respondents are being asked to make a series of similar, but different choices. An example of a choice set is given in Figure 1 .
The profiles are made up of a number of attributes that describe the environmental issue in question. For example, profiles about environmental issues in floodplain management might be described in terms of the health of the waterways, the amount of remnant vegetation in good condition on floodplains, and the proportion of stream flows that are reserved for environmental purposes. To generate differences between profiles, these attributes are allowed to vary across a number of different levels (eg 30%, 40% or 50% of healthy vegetation in floodplains). These profiles then represent different options for future development and protection of the issue in question.
Figure 1 -Example Choice Set used in the Survey
The choice information is analysed using a logistic regression model. The probability that a respondent would choose a particular can be related to the levels of each attribute making up the profile (and the alternative profiles on offer), the socio-economic characteristics of the respondent, and other factors. The latter might include the ways in which the choices are framed to respondents through background information and structure of the survey, and the way in which the surveys are collected Blamey 2001, Rolfe, Bennett and Louviere 2002) .
The logistic regression function can be used to generate probabilities of choice, and estimates of compensating surplus between different choice profiles. Most interest usually lies in finding the difference in compensating surplus between the status quo option and specific policy relevant profiles. As well as these estimates of consumer surplus, the models can also be used to generate estimates of marginal value changes for each attribute. Known as partworths, implicit prices, or attribute values, these provide an indication of the value to respondents of each one unit change in the provision of an attribute. Both the part worth and the compensating surplus estimates can be used for testing the equivalence of different models. They may also be used for benefit transfer purposes (Morrison and .
Guidelines have been suggested for benefit transfer applications involving non-use values. Boyle & Bergstrom (1992) suggest 'idealistic' technical criteria such as:  the non-market commodity valued at the study site must be identical to the non-market commodity to be valued at the policy site, (both in the characteristics of the good and the nature and extent of the change being valued),  the populations affected by the non-market commodity at the study site and the policy site hold identical characteristics, and  the assignment of property rights at both sites must lead to the same theoretically appropriate welfare measurement (e.g. willingness to pay versus willingness to accept).
Some development work has already occurred in relation to using CM for potential benefit transfer applications (Morrison, Bennett, Blamey and Louviere 1998 , Van Bueren and Bennett 2000 . The richness of data from CM  Whereas other techniques may produce estimates of demand for one or two potential goods, CM produces estimates that can be modelled for any scenario alternative that falls within the range of attributes and label space of the experiment. This provides obvious cost advantages, which is relevant to the normal justification for using BT.
 The decomposition of value into component parts (attributes) also assists in the process of BT. Often, BT is inhibited by differences between the original and transfer sites. Where sites share similar descriptive attributes, but the proposed changes differ, CM allows the flexibility for the transfer to proceed. In addition, such detailed descriptive (attribute) information assists researchers to identify where site and study similarities may exist or if attributes can be safely removed from the proposed BT study.
 CM also allows the inclusion of attributes to capture values for socioeconomic issues. Such socioeconomic attribute values (e.g. a concern for possible unemployment as a result of choices made), which may form part of respondent's value statements in other methodologies yet remain hidden in an amalgam of environmental and social contributions, can be drawn out in the CM experiment. This enables more confidence among policy makers as to the nature of the values held and offers further depth to BT site comparisons.
 The nature of CM, like other stated preference techniques, requires greater public participation than alternate valuation methodologies. This both engenders a perception of transparency amongst respondents and may lead them to think they are being included in the decision making process at an early stage.
 CM, through its rich data set, provides a suitable platform for structuring experiments for inclusion in research databases. These databases allow for the centralised collection of BT value estimation experiment objectives, site characteristics, the study methodology, data sets and results. In turn, this makes it much easier for researchers and policy makers to undertake the process of BT.
Previous research has raised a number of issues that are important to the application of CM in attempts at BT of environmental values. The process of BT can only ever be as methodologically sound as the estimation technique on which the previous study is based (Atkinson et al 1992 , Smith 1992 . Boyle & Bergstrom (1992) , Desvouges et al (1992) and Garrod and Willis (1999) suggest a range of criteria for conducting successful BT. These focus on site and population equivalence as important prerequisites of benefit transfers.
Site Equivalence
As discussed above, for successful BT to take place there must be a high degree of similarity between the source and the target sites. On the other hand, included between population tests in their CM study across values for the Daly-Sturt region. While inconclusive owing to the limited number of significant attributes, the researchers reported little significant difference between the two respondent groups (populations from Queensland and the Northern Territory). There were however significant differences in value within a state population. Queenslanders from the south-east corner of the state (grouped as an 'urban' population), had significantly different values for vegetation preservation in the Desert Uplands to the 'regional' population in the rest of the state.
Testing the issue of population equivalence was also part of the work undertaken in the National Land and Water Audit project into the non-market costs of land and water degradation in Australia (Van Bueren and Bennett 2000) . Two of the tests conducted in that study compared the values held by a regional population and a capital city population for land and water protection in a regional area. The regional areas of interest were the Fitzroy basin in central Queensland and the Great Southern Basin in Western Australia. The populations surveyed were Rockhampton and Brisbane for the Fitzroy, and Albany and Perth for the Great Southern Basin. In both cases, little difference in values could be ascertained between the capital city and the regional populations. The one exception was in the Fitzroy study where the Rockhampton population had a much higher part-worth value for one attribute (the viability of country communities) than did the Brisbane population.
Another test reported in Van Bueren and Bennett (2000) compared the values for land and water protection at the national level held by two regional populations (Albany and Rockhampton) as well as the national population. No difference existed between the values held by the Albany and Rockhampton populations, indicating that these two regional populations viewed the issues in a similar light. However, regional respondents have significantly higher values for landscape aesthetics and lower values for species protection when compared to the national sample. This suggests that urban/regional population differences do exist.
7 Bennett and Morrison (2001) analysed value differences for five rivers across NSW. They concluded that the environmental attribute of different rivers were valued differently both by respondents resident in each river catchment and by people living outside the catchment. Specifically, non-use values for outside catchment residents were greater than for incatchment residents. The opposite result was found for the user value attributes of rivers.
Scale equivalence
The issue of whether responses to valuation experiments are insensitive to the scale of the issue is related to concepts of embedding and scope. Embedding effects are held to occur when values for a particular item are embedded within another (Kahneman and Knetsch 1992) . Scope effects occur when values for a particular item are insensitive to the quantity of the item on offer. CM has particular strengths in minimising and testing for scope issues . However, the issue of scale is not just about differences in the amount of the items involved, but also in how respondents view and frame the problem. This may be because when environmental issues are presented at different levels of scale, respondents automatically consider different substitutes for framing purposes . The results therefore might vary.
Van Bueren and Bennett (2000) tested the issue of how values might change according to the scale of the issue presented to respondents. In that study, surveys were run across the same population group to test if values for land and water conservation differed according to whether the issues were presented in a regional or a national context. The test was carried out across two population groups, Rockhampton and Albany, with the Fitzroy basin and the Great Southern Basin being the respective regional contexts presented. The conclusion drawn was that implicit prices were significantly lower when issues were presented in the national context. Bennett and Morrison (2001) sought estimates for the environmental values of individual rivers and for all the rivers of NSW. They found that the implicit prices estimated for all the rivers were larger than for individual rivers, but that the simple aggregation of the individual river value estimates would exceed the state wide estimates.
This suggests that point estimates of value are dependent on the scale of the issue presented, and that they may not be suitable for all benefit transfer applications. A point value estimate (such as a part-worth value from a CM application) might be described as the average "per person" value of gaining an additional unit of one aspect of the environmental good in question, e.g. an additional kilometer of healthy waterways. In contrast, a value function derived by a CM application yields estimates of the respondent's willingness to pay (WTP) for that additional unit as a function of biophysical, socioeconomic, demographic and other explanatory variables. Transferring the value function has been suggested by some researchers (eg Loomis 1992 , Brouwer 2000 as preferable to transferring point values.
Van Bueren and Bennett (2000) tested the application of value functions to different scale contexts. For example, a value function derived from surveys focused at the national context was applied to estimate values for the Fitzroy and Great Southern Region, while value functions estimated at the regional level were used to predict national values for protecting land and water resources. These value function transfers were not very successful. The national value function was not effective at predicting regional level values, while the regional value functions were only partly successful at predicting values at the national level.
Bennett and Morrison (2001) estimated a meta-analytic model to transfer benefit estimates from their survey of four rivers to other rivers in NSW. The value function estimated included environmental attributes, socio-economic characteristics, location of the river and 8 location of the respondent relative to the river as independent variables. The model was tested by comparing values from the initial CM estimates against the values from the metaanalytic model estimates. Three of the 14 implicit prices estimated by the BT model were significantly different from the original estimates.
These difficulties in transferring values across different scales are important because the cost of estimating non-use values in valuation experiments is so high. Even if non-use values associated with water resources could be estimated for the Fitzroy basin, can they be logically apportioned down to the sub-catchment level, or even further down to the project level? If differences in scale do exist, then they need to be accounted for in any apportionment of values within the catchment. Scale differences may also be important in any transfer of values to other catchments.
The Case Study Areas
The Fitzroy Basin, encompassing 142,000 km2, is the second largest externally draining basin in Australia. Beef cattle, grain, irrigated crops and coal are key primary products in the region. The Fitzroy Basin has two major irrigation centres; the Emerald irrigation area located on the Comet/Nogoa/Mackenzie river systems and the Dawson Valley irrigation area located along the Dawson river. These irrigation areas are approximately the same size and produce mostly cotton, peanuts, citrus and grains. The basin is described in more detail in Loch and Rolfe (2000) .
These two sub-catchments are similar in resource and environmental conditions. About 50% of vegetation has been cleared from the floodplains in both areas, although there are much higher levels of clearing in some soil and vegetation types. Each of the sub-catchment's river systems comprise around 1000 kilometers of waterways and there is only a slight variance in river health between the two areas. The Comet/Nogoa/Mackenzie has about 50% of its river systems in a healthy condition and the Dawson River has 40%. In addition, if the proposal to build a major storage dam along the Dawson River is approved, there will be little or no water left in reserve for future environment or development purposes in the two areas.
There are however, some important social differences. The Emerald irrigation area is advantaged by the Fairbairn Dam, providing a greater system yield to irrigation farmers and somewhat greater security of supply. In addition, the Emerald district is home to other major industries such as coal mining and horticulture (which employs many seasonal workers). As a direct result, the population in the Emerald irrigation area is larger and more stable than that of the Dawson irrigation area. The Dawson Valley is serviced by a number of smaller towns which appear more susceptible to population losses and/or economic stagnation.
When compared to the Fitzroy Basin, these sub-catchments appear to be good indicators of the larger picture. In terms of environmental conditions, around 50% of floodplain vegetation has been cleared from the Fitzroy River basin and it has about 60% of its 2800 kilometers of waterways rated in good health. While the population of the basin is quite stable, there is an underlying pattern of people shifting from rural areas and small townships into the larger centres. However, in contrast to the sub-catchments where approximately 50,000 megalitres remain in reserve, there is a greater amount of potential reserve water available in the lower Fitzroy area-some 300,000 megalitres-although this is largely situated along or around land unsuitable for major irrigated agriculture.
Demands for irrigation water are very high in the basin where land suitable for cotton and/or horticulture is available. When additional supplies from the raising of the Bedford weir were auctioned in 1997, medium security water averaged $909/megalitre, and high security water averaged $1600/megalitre. There is substantial interest in developing more irrigation in the Dawson and Comet/Nogoa/Mackenzie sub-catchments, where there is land suitable for irrigation purposes.
Proposals for further development include a major storage on the Dawson (the Nathan Dam), smaller weirs or other instream diversions, and offstream storages. Offstream storages are typically built by irrigators on their own land, and used to capture overland flows and water harvested from rivers in floodtimes. One advantage of developing off-stream storages is that they are privately funded. In contrast, instream storages tend to be funded from the public purse, although the costs can be recouped from subsequent sales of water to industry and agriculture.
The diversion of further water for irrigation purposes is likely to have some social and environmental consequences. Social consequences include increased regional spending and employment prospects that flow from increasing production, although the scale economies of most irrigation developments limit the job creation potential. Environmental consequences include biophysical effects of the interruption to natural flows in watercourses, the development of land for farming, and potential for runoff to impact on water quality in the system.
Concerns about the potential for overallocation of water resources and subsequent environmental impacts, together with the 1994 Council of Australian Governments Water Reform Agreement has prompted the Queensland Government to establish where the limits between development and protection should lie. The framework chosen for this is the Water Allocation and Management Plan (WAMP) developed for the Fitzroy catchment. This has effectively capped the level of potential extractions from the system at approximately 50% of median flow levels, together with rules for not harvesting the first spring floods.
Although the Fitzroy WAMP sets limits for water extraction in the basin, a number of questions remain about where balance between production and environmental protection should be struck. For economists, these include questions such as:  Whether the current WAMP limits reflect the weight of community values for production versus protection outcomes,  whether some water should be retained in reserve to guard against unforeseen outcomes,  should more development should be allowed in some catchments in return for increased protection in others, and  how proposals for competing developments within a catchment with different environmental and social outcomes should be evaluated.
To be able to evaluate these issues in economic terms, it is important to be able to estimate values for both production and non-production outcomes. While the former (such as the value of additional cotton production) can be estimated from market data, the latter (such as community values for protecting vegetation in floodplains) are more difficult to estimate. CM can be employed to estimate these non-use values.
Design and performance of the experiments
A series of CM surveys was designed to estimate values for environmental and social tradeoffs associated with irrigation development in the Fitzroy basin. It was important that the valuation information could be applied in various formats, particularly at the subcatchment or project level. For these reasons, the surveys were designed to test a number of hypotheses about benefit transfer issues. The main case study focus was on the Comet/Nogoa/Mackenzie and the Dawson rivers and the whole Fitzroy River basin. The populations of interest included Brisbane as a major capital city centre, Rockhampton as a regional centre and Emerald as a likely impacted local center. To capture the required data, three versions of the survey were devised (Loch, Rolfe and Windle 2001) . The application of the three versions to the relevant population groups is depicted in Table 2 . 

The objective of the CM experiment was to estimate respondent's preferences for tradeoffs between further floodplain development in the Fitzroy Basin and environmental and social tradeoffs. To present survey respondents with development and protection alternatives, the issues had to be described in several concise attributes. These were selected with the aid of scientific and policy experts in the basin, and the conduct of a series of focus groups in the towns to be surveyed (Loch, Rolfe and Windle 2001) .
For consistency, the same attributes were used as the basis for the choice scenarios generated for the three case study areas. These attributes were:  Payment levy (an annual levy collected through local government rates over 20 years)  The amount of healthy vegetation left on floodplains  The kilometers of waterways that remain in good health  The number of people leaving rural or country areas every year, and  The amount of water kept in reserve for future use.
The base was selected as the likely level in twenty years time for each attribute if current trends continued. The other levels for each attribute to be used in the alternative scenarios were set between the current level and the expected future level. This allowed for a variety of different outcomes if various protection measures were implemented. In the case of the reserve attribute, a negative level was used for both the Dawson and Comet-NogoaMackenzie basins to indicate that water could potentially be allocated below the WAMP limits (the median flow level). The base and alternative levels for each version of the survey are set out in the following table. Each of the choice sets presented to respondents involved a status quo or base option (the expected position in twenty years time), together with two alternative scenarios that involved some annual payment for increased protection measures. The experimental design resulted in a series of 25 choice sets. These were blocked into five versions of the survey, so that five choice sets within a version were presented to respondents. An example of the choice sets presented to respondents is provided below.
A drop-off and pick-up approach was used to collect the surveys. Respondents were sampled at random in Emerald, Rockhampton and Brisbane based on a cluster sampling technique. Each survey collector was provided with a set of instructions incorporating an outline of respondent selection in each node and how to verbally introduce the survey itself. Collectors made a minimum of two attempts to collect the survey. The surveys were collected at the three locations in November and December 2000.
In Brisbane, 340 completed surveys were collected for the three versions collected three. In Rockhampton, 122 surveys were completed, and there was 149 completed in Emerald. 50.5% of all people approached gave back a fully completed survey. 41.5% of all people approached declined to complete the survey, and 9% of people approached took a survey form and either did not return it to the collector or did not complete it fully.
Survey Statistics
The socio-demographics of the respondents who completed the surveys are summarised in Table 5 below.
It is interesting to note from these figures that the three populations felt that the state of the environment had generally declined, and ranked highly their concern for the environment, (in both cases higher than the state average). However, the numbers of respondents either donating or belonging to environmental organisations significantly declines the closer the population is to the specific tradeoffs involved between environmental concerns and further development. This is particularly noticeable in the Emerald population, where membership drops to less than 2%, as would be expected given the probable lack of representative organisations and a likely focus on employment and further development. 
Results and Analysis
The choice data from each version of the CM surveys were analysed and modelled using the LIMDEP program. To minimise potential violations of the IIA/IID conditions associated with linear regression models, a two level (nested) choice model was estimated. Respondents were assumed to firstly make a choice about whether they would support increased protection measures against continuation of the current trends. This choice was modelled against the socio-economic characteristics of respondents. In the second stage, respondents were assumed to choose between the alternatives presented according to the levels of each attribute. The choice model is depicted in figure 2.
Figure 2. Nested choice structure
Generating nested models involved three different types of variables. The branch choice equation (explaining the support/don't support choice) involves attributes that represent the socio-demographic characteristics of the survey respondents. The utility functions that predict choices between different protection alternatives involve the choice set attributes. The third variable is an inclusive value parameter which specifies the link between the two levels of the model. Each of the variables used in the nested model are specified in the following 
IV Parameter Provides statistical link between the two levels of the nested model
The models that could be generated from these data were used to test the three specific framing issues of interest relating to site, population and scale factors. These issues are discussed in turn.
Site Equivalence Results
The site test was aimed at finding whether the values of two similar catchments (Comet/Nogoa/Mackenzie and the Dawson) held by the same population (Brisbane) were identical. The hypothesis can be stated as follows: Ho:  CNM =  DAW H1:  CNM   DAW where  CNM and  DAW are the parameter vectors corresponding to the Comet/Nogoa/Mackenzie and the Dawson data sets respectively.
Model results for the two data sets are shown in Table 6 below. The models appear robust, with most attributes significant and signed as expected 1 .
There are several ways of testing the hypothesis that the models generated are equivalent. These include log-likelihood tests, comparison of part-worth values, comparison of compensating surplus values. Each of the tests are described in turn.
Site significance test
The first test for this site hypothesis is examine the significance of a location variable. Likelihood ratio tests can be used to identify whether significant differences exist between models with and without an additional variable (Whitten and Bennett 2000) . The test statistic is -2 x (LL 1 -LL 2 ), where LL 1 is the log-likelihood of the first model, and LL 2 is the loglikelihood of a second model with additional parameters added. The test statistic is approximately chi-square distributed with the degrees of freedom equivalent to the number of parameters added. If the test statistic is larger than the appropriate chi-square statistic, the added parameters create a significantly different model . The appropriate chi-square statistic with one degree of freedom is 3.84. Therefore it can be concluded that a significant difference does exist when the location is taken into account.
Part-Worth (Implicit Price) Site Test
The part-worth tests involve the comparison of confidence intervals for the part-worth values calculated from the models. The part-worths, also known as implicit prices, are the point estimates of the value of a unit of change in a non-monetary attribute. Because standard errors are not calculated in the nested multi-nomial models it is necessary to use the Krinskey and Robb (1986) procedure for this purpose. The simulation involves the random draw of a number of parameter vectors from a multivariate normal distribution with mean and variance equal to the  vector and a variance-covariance matrix from the estimated nested multinomial logit model (Morrison, Bennett, Blamey and Louviere 1998) . Confidence intervals can be estimated from the upper and lower tails of the simultation exercise. The part-worths and the 95% confidence intervals for the two models are shown below in Table 7 2 . Comparison of the results shows that there is overlap of confidence intervals between three of the four part-worths for the two sites. There is no overlap for the People leaving attribute. This may be because the levels for People leaving were very different in the two subcatchments (see Table 3 ), indicating that the part-worths are sensitive to the absolute values of the levels involved. The results indicate that the models are equivalent in the areas where the case studies were similar, but vary when the attributes have very different levels in the different case studies.
Compensating Surplus Site Test
The third test involves a comparison of compensating surplus values for the three populations. This involves estimation and comparison of compensating surplus for specific alternatives. Because a very large number of scenarios could be described from the attributes and levels used in the experiment, an experimental design process was used to select a representative sample of nine scenarios. The models reported in Table 6 were used to generate compensating surplus measures for each, and upper and lower confidence intervals were estimated utilising the Krinsky and Robb (1986) bootstrapping procedure. In the final formulae, the mean levels for the relevant socio-economic characteristics were used for estimation purposes.
The compensating surplus values provide an estimate of value for the scenario of interest relative to the base option used in the survey. However, the models have generated negative values for those base options, so that even though the different alternatives may be preferred over the base, the overall estimate of value remains negative. The negative values for the status quo options are likely to be because this was the future base depicted in twenty years time, reflecting large potential environmental losses from the current situation. Respondents may not have not have viewed this status quo base as a preferred choice, thus creating the negative values.
In the CNM basin, the value of the status quo option can be estimated at -$80.70. Where the scenario values are higher than this level (see Table 8 ), it indicates the scenario is preferred to the base option. In cases where the scenario value is lower than this amount, it means that some negative attribute changes (eg more people leaving country areas) are outweighing any other positive attribute changes. It is a similar story in the Dawson catchment, where the value of the status quo option in twenty years time is -$11.07. Scenarios that have higher values than this (see Table 8 ) are preferred to the base. The comparisons of compensating surplus values between the different sites indicate that little difference exists between values for the Comet/Nogoa/Mackenzie and Dawson basins. This suggests that the null hypothesis should be accepted.
In conclusion, the log-likelihood test indicates that a significant difference does exist between the models generated for the CNM and Dawson catchments. The part-worth tests indicate that the difference is centered on the People leaving attribute, and care should be taken in any extrapolation of these values for benefit transfer purposes. The automatic transfer of point values is not appropriate in this case. The compensating surplus tests indicate that the model differences are not significant enough to cause significant differences in the value of a representative sample of alternative profiles. The conclusion to be drawn is that while model differences do exist, they do not invalidate the use of benefit transfer. However, benefit transfer is appropriate for a value function, but not for point estimates.
Population Equivalence Results
The population test was aimed at finding whether the values of the local population, the regional city (in the catchment) population and the capital city (out of the catchment) population were identical. The hypothesis can be stated as follows: Ho:  BNE =  ROK =  EMD H1:  BNE   ROK   EMD where  BNE,  ROK and  EMD are the parameter vectors corresponding to the Brisbane, Rockhampton and Emerald population data sets respectively.
The models generated from the three populations (Table 9 ) appear to be robust 3 . Most attributes are significant and signed as expected. The results indicate that the Rockhampton population did not consider People leaving to be significant, and the Brisbane population did not consider Reserve to be significant. In the socio-economic section there is far greater variance between the models, with none of the attributes appearing as significant across all three populations. Occupation seems unrelated to choice across each of the populations while Age appears to be significant only for the Emerald and Rockhampton respondents. Education and Income appear to be significant factors of support for the no-choice option in Rockhampton and Brisbane only. P<0.001 ** -P<0.01 * -P<0.05
As with the site hypothesis, there are three tests that can be applied to determine if the models for the two similar sites are equivalent. These are reported in turn.
Location Significance Test
The first test for this population hypothesis is that of location significance. The test is performed by combining data sets and estimating a model, but without specifying a location attribute. Then a model is calculated where a dummy variable is included for one of the locations. The log-likelihood values for each of the models are used to calculate the test statistic. The results of the test for the different possible combinations of the datasets are reported in Table 10 .
The results indicate that while no significant difference exists between the Rockhampton and Brisbane, and Emerald and Brisbane populations, a significant difference does exist between the Emerald and Rockhampton population. When the data from the three data sets is combined, and one location at a time is tested (see Table 11 ), the addition of Rockhampton creates a significant difference while the addition of Emerald or Brisbane does not. 
Part-Worth (Implicit Price) Tests for Population differences
The part-worths, together with confidence intervals for the three sites of interest can assist in testing for equivalence. The part-worths and the 95% confidence intervals are shown below in Table 11 . The part-worths for People leaving in the Rockhampton sample and Reserve in the Brisbane sample are omitted because these coefficients were not significant in the models (see Table 9 ). The results indicate substantial overlap between the confidence intervals for each of the attributes. This result suggests that the null hypothesis should be accepted.
Compensating Surplus Population Test
The third test involves a comparison of compensating surplus values for the three populations across a representative sample of possible scenarios. The results for the compensating surplus population tests are detailed below.
The results indicate that values for the Emerald and Brisbane populations are similar with significant overlap in the lower and upper confidence intervals across the nine scenario alternatives. For the Rockhampton and Brisbane populations there is overlap between confidence intervals for four scenarios, and significant differences for the other five. These differences may be caused by the omission of an insignificant variable in both the Rockhampton and Brisbane models, which may tend to magnify value differences 4 . It is possible that models based on larger sample sizes may be more accurate, not have insignificant attributes, and have more similar compensating surplus values. (-8.66, 14.15) Overall, the results of the population tests are mixed. It is clear that the different populations have similar values for floodplain development in the Fitzroy. The Rockhampton population (at the mouth of the catchment) appears to have the highest values, while the Brisbane population (outside of the catchment) appears to have the lowest values.
While most of the tests showed equivalence of values between the populations, some of them did not. There does not appear to be sufficient evidence to either accept or reject the null hypothesis on this evidence.
Scale equivalence results
The test for scale differences revolves around the issue of whether values for protection options differ according to the scale of the issue. Testing for scale differences is a form of a scope test, where the key issue is that respondents make some distinction between different amounts of a good on offer. In the case study, the key issue is whether values for the Fitzroy catchment can be disaggregated down into sub-catchments. The test for this is whether values for changes in the Fitzroy catchment are equal to values for the equivalent amount of changes in two major sub-catchments. The hypothesis can be formally stated as follows:
Ho: CS CNM + CS DAW = CS FTZ H1: CS CNM + CS DAW  CS FTZ where CS represents the consumer surplus that can be estimated from the models for the different catchments.
If the null hypothesis is accepted, it implies that respondents to valuation experiments automatically consider scale issues in their responses, and that values can be safely aggregated or disaggregated to different scales. If the null hypothesis is rejected, it implies that it is not accurate to simply aggregate or disaggregate values to different scales. However, there is some difficulty in finding appropriate tests for scale differences. The use of partworths and compensating surplus values to test the null hypothesis are discussed in turn.
Part-worth scale tests
The part-worth tests are not appropriate to test the null hypothesis because marginal values might change according to the absolute values involved. This would be an expected difference between models where there was substantial variation in the levels of attributes between sub-catchment and whole-of-catchment levels. This has already been shown to occur in the comparison between the CNM and Dawson models, where the part-worths for People leaving were significantly different. However, a comparison of the part-worth values helps to guide the comparison of compensating surplus values for a sample of alternatives.
The differences in part-worths can be demonstrated with the CNM, Dawson and Fitzroy models sampled from the Brisbane population. To make the comparison, an equivalent model has been estimated for the Fitzroy basin, and is reported in Table 13 . The partworths and corresponding confidence intervals for each catchment are reported in Table 14 . The comparison shows that while the confidence intervals for the People leaving attribute do not overlap between the CNM and Dawson models, the confidence intervals do overlap between each of these models and the Fitzroy model. The two sub-catchments have very different patterns in population movement, which generates the different results. Across the whole catchment though the population changes average out, which is reflected in the value estimates. The implication is that the point estimate for the whole catchment cannot be simply transferred to sub-catchments if the levels change substantially.
The Reserve attribute was significant in both the CNM and Dawson samples, but not in the Fitzroy sample. This can be explained by the fact that the amount of reserve water in the CNM and Dawson catchments is already limited, and is likely to be allocated out to irrigators over the next twenty years. For the overall Fitzroy catchment though there are other substantial reserves of water which are unlikely to be allocated away in the foreseeable future. The point value estimates reflect the relative scarcity of reserve water in the different catchments, and the value is not significant where there is no foreseeable scarcity of reserves. Again, the implication is that the point estimate for the whole catchment cannot be simply transferred down to the sub-catchments when very different levels are involved.
Compensating surplus scale tests
A comparison of compensating surplus values does offer a robust method for testing the null hypothesis. Essentially the test is whether the value of change A in the CNM basin plus the value of change B in the Dawson basin is equivalent to the value of the A+B change in the Fitzroy basin. In the test, these changes incorporate changes in the levels for the Vegetation, Waterways, and People leaving attributes. The Reserve attribute is not included, because it is insignificant in the model for the Brisbane population, for the reasons mentioned above.
The levels used in the tests are shown in Table 15 below. The levels of the Vegetation attribute for the CNM and Dawson systems have been averaged to derive the level for the Fitzroy. For Waterways, the improvements in the CNM and Dawson systems above the combined base (700 kilometers) have been added to the Fitzroy base (1500 kilometers). This has the effect of limiting improvements in waterway health to the CNM and Dawson basins. The levels of the People leaving attribute has been added up across the CNM and Dawson systems to derive the Fitzroy levels (assuming no net change in the other parts of the catchment).
To test the hypothesis, values have been generated for the nine scenarios for each basin. The CNM and Dawson values were added for each corresponding scenario. To calculate confidence intervals, the Krinsky and Robb (1987) Table 16 .
The results show that no significant difference exists between the compensating surplus values for each scenario. This indicates that the null hypothesis can be accepted. The results suggest that it is may be valid for values to be disaggregated from the basin level down to sub-catchment levels, or up from sub-catchment levels to the whole basin.
However, care should be taken in extrapolating this null hypothesis widely to other situations. The confidence intervals may overlap because of a lack of statistical power. Collecting larger samples and using other measures to generate tighter confidence intervals may identify more scale differences between the samples. As well, it is likely that the population of interest (Brisbane) may not have identified a particular scale difference between the whole-of-catchment and sub-catchment options. The scale test reported here is much more limited than the ones explored by Van Bueren and Bennett (2000) and Bennett and Morrison (2001) .
The results do offer support for BT to proceed where limited scale differences apply. Each of the CNM and Dawson basins are approximately one-quarter of the Fitzroy basin, and it appears in these cases that many values and value functions can be transferred directly between scales. In contrast, the scale differences identified by Van Bueren and Bennett (2001) involved comparisons between regional and national levels, while those identified by Bennett and Morrison (2001) involved comparisons between catchment and state levels. It is not unexpected that these starker differences in scale should be identified with different value estimates.
Although scale effects have not been identified in this study, it does not mean that differences do not exist. Indeed, the comparison of expected values in Table 16 does suggest that some differences in value may be present. What the results do suggest is that the scale differences may not be significant enough to affect some BT applications. Within the catchment, the value functions may be accurate enough for BT purposes. This transfer process may extend down as far as the level of individual off-stream storages, so that the value of environmental impacts may be assessed. 
Conclusions.
In this paper, three different tests are reported that are relevant to benefit transfer issues. The first test focused on whether the same population viewed tradeoffs for two similar issues in the same way. This was tested by comparing the values that respondents from Brisbane had for floodplain protection in the Dawson and Comet-Nogoa-Mackenzien (CNM) catchments in Central Queensland. While the models were not shown to be equivalent, the part-worth tests showed the differences appear to be linked to one attribute that was given very different levels in the experiment. Where the attributes for the levels were broadly similar, there was no significant difference in the models. Importantly for benefit transfer purposes, the compensating surplus estimates for similar scenarios were not significantly different.
Two important conclusions can be drawn from these site tests. First, the transfer of point estimates (part-worths) from one location to another is not recommended if there is a large difference in the characteristics of the site. Second, the transfer of value functions is recommended, even if there is some differences between the sites (i.e. in one of the attributes).
The second test focused on whether different populations viewed the same tradeoff in similar ways. This was tested by comparing values held by Emerald, Rockhampton and Brisbane populations for floodplain protection in the Fitzroy basin. Emerald is an irrigation town in the upper Fitzroy catchment, Rockhampton is a regional centre at the mouth of the catchment, and Brisbane is the state capital some 700 kilometers to the south.
The results of the population test are mixed. The location parameter significance tests indicates that there is some difference between the Emerald and Rockhampton populations, and the compensating surplus tests indicates that there is some difference between the Brisbane population relative to the other two, but not between Emerald and Rockhampton. The part-worth tests suggest that these differences are focused on one or two attributes.
The third test focused on whether values were related to the scale of the issue presented to respondents. The particular issue of interest was whether adding up values for subcatchments estimated seperately would lead to higher values than if values were estimated for the river basin as a whole. This was tested by comparing values for the CNM and Dawson systems added together with the Fitzroy.
There was clearly a difference in one attribute (Reserve) which was insignificant in the Fitzroy model, but significant in the models for the two sub-catchments. This is because reserves are plentiful in the Fitzroy system as a whole, but much more limited in the two subcatchments. When compensating surpluses were estimated for changes in the CNM and Dawson systems, and compared to equivalent changes in the Fitzroy, no statistical differences could be determined.
The conclusions to be drawn are there appears to be strong support for benefit transfer processes to continue. It is not appropriate to transfer point values where there are large differences between the sites for that attribute. Care has to be taken in extrapolating results across populations. Care should also be taken in extrapolating values across different scales. However, it does appear valid to transfer values between similar sites where there are not substantial bio-physical and policy differences. It may also be valid to disaggregate values within catchments where the differences in scale may not appear large to relevant populations. Transferring values across larger scales (ie from catchment to state level) would still be expected to invoke scale differences. The challenge for valuation practitioners is to identify where scale issues limit or influence the application of BT results.
